Luteinizing hormone, prolactin and ovarian 20 alpha-hydroxysteroid dehydrogenase activities during pregnancy or pseudo-pregnancy in the rat by Bast, Joseph Darwin
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1972
Luteinizing hormone, prolactin and ovarian 20
alpha-hydroxysteroid dehydrogenase activities
during pregnancy or pseudo-pregnancy in the rat
Joseph Darwin Bast
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Animal Sciences Commons, Physiology Commons, and the Veterinary Physiology
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Bast, Joseph Darwin, "Luteinizing hormone, prolactin and ovarian 20 alpha-hydroxysteroid dehydrogenase activities during pregnancy
or pseudo-pregnancy in the rat " (1972). Retrospective Theses and Dissertations. 5202.
https://lib.dr.iastate.edu/rtd/5202
INFORMATION TO USERS 
This dissertation was produced from a microfilm copy of the original document. 
While the most advanced technological means to photograph and reproduce this 
document have been used, the quality is heavily dependent upon the quality of 
the original submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the 
missing page(s) or section, they are spliced into the film along with 
adjacent pages. This may have necessitated cutting thru an image and 
duplicating adjacent pages to insure you complete continuity. 
2. When an image on the film is obliterated with a large round black 
mark, it is an indication that the photographer suspected that the 
copy may have moved during exposure and thus cause a blurred 
image. You will find a good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the 
upper left hand corner of a large sheet and to continue photoing from 
left to right in equal sections with a small overlap. If necessary, 
sectioning is continued again — beginning below the first row and 
continuing on until complete. 
4. The majority of users indicate that the textual content is of greatest 
value, however, a somewhat higher quality reproduction could be 
made from "photographs" if essential to the understanding of the 
dissertation. Silver prints of "photographs" may be ordered at 
additional charge by writing the Order Department, giving the catalog 
number, title, author and specific pages you wish reproduced. 
University Microfilms 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 
A Xerox Education Company 
I 
I 
I 
72-19,976 
BAST, Joseph Darwin, 1944-
LDTEINIZING HORMONE, PROLACTIN AND OVARIAN 
20Û.-HYDROXYSTEROID DEHYDROGENASE ACTIVITIES 
DURING PREGNANCY OR PSEUDOPREGNANCY IN THE 
RAT. 
Iowa State University, Ph.D., 1972 
Physiology-
University Microfilms, A XERQ\Company, Ann Arbor, Michigan 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED 
Luteinizing hormone, prolactin and ovarian 20a-hydroxysteroid 
dehydrogenase activities during pregnancy or 
pseudopregnancy in the rat 
by 
Joseph Darwin Bast 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Animal Science 
(Physiology of Reproduction) 
Approved; 
In Charge 
For the Major Department 
For the Graduate College 
Iowa State University 
Ames, iowa 
1972 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
PLEASE NOTE: 
Some pages may have 
indistinct print. 
Filmed as received. 
University Microfilms, A Xerox Education Company 
ii 
INTRODUCTION 
LITERATURE REVIEW 
MATERIALS AND METHODS 
RESULTS 
DISCUSSION 
SUMMARY 
LITERATURE CITED 
ACKNOWLEDGMENTS 
TABLE OF CONTENTS 
Page 
1 
4 
13 
21 
55 
66 
68 
74 
1 
INTRODUCTION 
Pioneer studies in reproductive physiology which suggested or estab­
lished some of the basic interrelationships between the ovary, uterus and 
pituitary gland are repeated, modified and often quoted in current in­
vestigations dealing with certain delineated aspects of the processes and 
regulatory modes of control within this tripartite axis of reproduction. 
Concentrated effort in recent years has been applied to one component 
of the ovary - the corpus luteum, which has the ability to maintain preg­
nancy in the rat by virtue of its secretory products - in attempting to 
more closely define the specific regulatory influences of the pituitary 
hormones and the uterus on corpus luteum function. In general terms, fac­
tors or actions which effect loss of function and/or morphological re­
gression of corpora lutea are termed "luteolysins," while those factors 
which initiate or sustain the function and /or the morphological integrity 
of corpora lutea are termed "luteotrophins." That the same factor can 
possess both luteolytic and luteotrophic effects has been demonstrated. 
Certain enzymes are known to participate in ovarian metabolism of 
hormones, especially progesterone. A 20a-hydroxysteroid dehydrogenase 
(20a-0H-SDH) has been shown to catalyze progesterone reduction to 
20a-hydroxyprogesterone in rat- ovaries and thus has been hypothesized to 
be an important regulatory link in the control of corpora lutea function. 
The work described in this dissertation was designed to investigate possible 
in vivo correlations of two hormones of pituitary origin (luteinizing . 
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hormone, LH; prolactin) with 20a-OH-SDH under different physiological 
conditions. 
Ovarian 20a-0H-SDH activity has been demonstrated to be positively 
correlated with 20a-hydroxyprogesterone concentration and negatively 
correlated with progesterone concentration in the plasma during pregnancy. 
Since these plasma levels of 20a-hydroxyprogesterone closely reflect 
ovarian venous secretory rates of this steroid during pregnancy, these 
secretory rates may also be correlated with ovarian 20a-OH-SDH activity. 
The first objective of this investigation was to examine this suggested 
relationship by measurement of the ovarian enzyme activity during the 
same physiological states in which the secretory rates have been pre­
viously measured (pregnancy, 13-day pseudopregnancy, and prolonged 
pseudopregnancy with hysterectomy or a decidual response). Although 
other investigators have shown that exogenous LH and prolactin or adminis­
tration of supposed specific blocking agents to these hormones influenced 
activity of 20&-OH-SDH, determination of the endogenous levels of these 
hormones, along with enzyme activity, may more realistically indicate 
the associations of LH and prolactin with the dehydrogenase vivo. 
LH, prolactin and 20a-OH-SDH are probably involved in, or associated 
with, luteal regression and/or the events leading to ovulation at the 
end of different physiological states in the rat. The last objective of 
the study was to determine if the trends of change in sequential levels of 
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these three factors are similar or different during the terminal periods 
of pregnancy, 13-day pseudopregnancy and prolonged pseudopregnancy with 
hysterectomy or a decidual response. 
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LITERATURE REVIEW 
Various hypotheses have been formulated concerning the maintenance 
and/or termination of the "functional state" of the corpus luteum (for 
references, see Greenwald and Rothchild, 1968; Denamur, 1968; Anderson, 
Bland, and Melampy, 1969; Armstrong, 1970). One of these hypotheses 
was the impetus for the present investigation and will be the subject of 
this review. Although possibly not applicable, definition of "func­
tional state" usually means the secretion of progesterone (pregn-4-en-3,20-
dione), a 21-carbon steroid hormone capable of supporting gestation. In 
the rat, 20a-hydroxyprogesterone (20a-hydroxy-pregn-4-en-3-one) appears 
closely associated with progesterone metabolism, and, in somewhat simpli­
fied terms, tends to vary inversely in ovarian venous secretory 
rates with progesterone (Hashimoto, al., 1968). Moreover, 20a-
hydroxyprogesterone is less potent than progesterone in terms of pro­
gestational support (Wiest and Forbes, 1964) or support of deciduomata 
(Wilcox and Wiest, 1960), 
The ability of ovarian 20a-hydroxysteroid dehydrogenase (20a-OH-SDH) 
to catalyze the interconversion of progesterone and its reduced.metabolite 
20a-hydroxyprogesterone was the basis of an ovarian regulatory mechanism 
during pregnancy suggested.by Wiest, Kidwell, and Balogh;<1968), More 
specifically, the mechanism dealt with regulation of progesterone 
catabolisih by the interaction of factors, principally of pituitary, 
ovarian and uterine origins, which influenced 20a-OH-SDH activity. 
Since the basis of the hypothesis' structure was the apparent specificity 
5 
of the 20a-OH-SDH reaction, some aspects of the isolation and characteriza­
tion studies of the dehydrogenase will be presented. In the light of 
these studies, a chronological view of the physiological investigations 
dealing with the interplay of the pituitary-ovarian-uterine axis with 
20a-0H-SDH in the rat can then be taken. 
Interest in the heretofore unknown enzyme responsible for the in 
vivo metabolism of progesterone to 20a-hydroxyprogesterone was generated 
following the disclosure that intravenously administered progesterone in 
the eviscerated rat was metabolized within one hour to seven different 
compounds of which one (later identified as 20a-hydroxyprogesterone by 
Wiest, 1956) was found in greatest abundance in the ovary (Berliner and 
Wiest, 1956). Verification of the natural occurrence of 20a-hydroxy-
progesterone in the rat ovary was made by Wiest (1959a), who, in addition, 
demonstrated that only very minor quantities of either progesterone or 
its reduced metabolite were present in the placentae and uterus of the 
pregnant rat. 
Results of initial isolation and characterization studies of ovarian 
20a-OH-SDH revealed that 20a-hydroxyprogesterone was the principal reac­
tion product following vitro incubation of progesterone with cell-free 
(25000Xg) ovarian supernatant (Wiest, 1959b); that is, analogous results 
were obtained vitro as found in the vivo investigations with 
exogenously administered progesterone. Furthermore, the catabolic re­
action was found to be reversible depending upon hydrogen ion concentra­
tion - the oxidation of 20a-hydroxyprogesterone proceeded to a greater 
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extent over the range pH7-pH9, reduced nicotine adenine dinucleotide 
phosphate (NADPH) was the preferred hydrogen donor for steroid reduction, 
and sulfhydral groups were associated with enzyme activity as evident 
from enzyme activation by cysteine. Purification of the crude enzyme 
preparation revealed that 20a-OH-SDH had a specific requirement for NADP 
or NADPH and for the 20a-hydroxy configuration (Wiest and Wilcox, 1961; 
Wilcox and Wiest, 1966; Wiest, 1969; Kersey and Wilcox, 1970), 
Concomitant with the first studies dealing with the biochemical 
characterization of rat ovarian 20a-OH-SDH, investigations were initiated 
concerning possible regulatory controls of the enzyme under different 
physiological conditions (Wiest, 1959b). When ovaries from animals at 
different stages of the estrous cycle were assayed, 20a-OH-SDH activity 
was found to be elevated on the day of proestrus, prior to ovulation, 
relative to the levels present either on estrus or during diestrus. 
Pseudopregnant rats on Day 4 and rats bearing a decidualized uterus on 
Day 9 had less ovarian dehydrogenase activity than the animals during 
diestrus of the cycle. Since maximum activity appeared to be associated 
with follicular maturation and subsequent estrogen secretion, Wiest 
hypothesized that estrogen secretion stimulated enzyme activity. 
To test this hypothesis, exogenous estrogen was administered to 
pseudopregnant rats and added directly to the in vitro biochemical assay 
system (Wiest, Wilcox, and Kirschbaum, 1963), Both procedures failed to 
increase or induce 20a-OH-SDH activity; a direct stimulatory effect of 
the hormone on the enzyme or on enzyme protein synthesis under the 
7 
conditions used was doubtful. That enzyme activity was not directly 
related to follicle maturation wag evident when exogenous follicle 
stimulating hormone (FSH) failed to induce activity in prepubertal or 
hypophysectomized prepubertal rats but stimulated follicular growth. 
Furthermore, FSH with luteinizing hormone (LH) induced estrogen secretion, 
ovulation, corpus luteum formation and enzyme activity in the immature 
or hypophysectomized immature rat. The observation that ovulation had 
occurred prior to onset of enzyme activity negated speculation that 
luteinization of granulosa cells per se and induction of 20a-OH-'SDH 
activity were related (Wiest, Wilcox, and Kirschbaum, 1963; Wiest, 
Kidwell, and Kirschbaum, 1963), 
Investigations that dealt with regulatory control of 20a-hydroxy-
steroid dehydrogenase were given a directional impetus by the development 
of a histochemical method for detection of the enzyme's activity in rat 
ovaries (Balogh, 1964). Utilizing this method, Balogh demonstrated that 
appearance of enzyme activity was primarily restricted to corpora lutea 
undergoing involution. In contrast, corpora from late pregnancy and de­
veloping or mature follicles lacked 20a-0H-SDH, In support of, and sup­
plementary to, earlier biochemical evidence (Wiest, 1959b), enzyme ac­
tivity was not detectable histochemically in other tissues of the female 
reproductive tract or various extraovarian tissues during late pregnancy. 
These results were confirmed histochemically by other investigators who 
found that corpora lutea formed at one ovulatory period did not exhibit 
enzyme activity until a subsequent ovulatory episode (Pupkin, et al., 1966; 
Turolla, Magrini, and Gaetani, 1966), 
8 
Utilizing both histochemical and biochemical techniques, Balogh, 
Kidwell, and Wiest (1966) found that following administration of human 
chorionic gonadotrophin (HCG) to hypophysectomized immature rats, low 
levels of 20a-OH-SDH activity were localized in the cortical region of 
the ovary in groups of interstitial cells and in luteinized thecal cells. 
No activity was found in granulosa cells and no corpora lutea were 
formed. The results were consistent with an earlier report (Wiest, 
Kidwell, and Kirschbaum, 1963) and, in consideration of the restriction 
of enzyme activity to corpora lutea undergoing regression (Balogh, 1964), 
led to speculation that the high 20a-0H-SDH activity on proestrus during 
the cycle was stimulated by preovulatory LH secretion (Balogh, et al., 
1966), Evidence for such a relationship was the 100-fold increase in 
ovarian enzyme activity following LH administration to superovulated 
immature rats; activity was localized in the preformed corpora lutea 
(the experimental animal preparation was considered somewhat analogous 
to physiological conditions present at the "end" of one estrous cycle 
relative to the corpora lutea formed during that cycle) (Kidwell, Balogh, 
and Wiest, 1966), 
From their investigations over a twelve year period dealing with 
progesterone metabolism, ovarian 20a-OH-SDH and the effect of exogenous 
gonadotrophins on 20a-OH-SDH activity, Wiest and co-workers suggested a 
mechanism for regulatory control of the "progestational potency" of 
ovarian secretions during pregnancy (Wiest, , 1968; Wiest and 
Kidwell, 1969), In context, "progestational potency" referred to the 
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ability of certain secretory products (progesterone and 20a-hydroxy-
progesterone) to support or maintain gestation in the rat. The con­
trolling mechanism was the enzymatic (20a-OH-SDH) catabolism of pro­
gesterone to 20a-hydroxyprogesterone, Some endogenous factors which 
were suggested to have possible stimulatory or inhibitory actions on the 
enzyme were of pituitary (LH and prolactin) and uterine (placental 
luteotrophin) origin. 
That 20a-0H-SDH was causally related to ovarian 20a-hydroxyproges-
terone secretion gained additional support from Wiest's observation of 
correlation (r=0,88) between plasma 20a-hydroxyprogesterone levels and 
20a-OH-SDH activity during pregnancy in the rat (Wiest, et al,, 1968). 
Furthermore, plasma progesterone levels tended to be inversely related 
to 20a-hydroxyprogesterone and to the enzyme activity (Wiest, et al., 
1968; Wiest, 1970; Grota and Eik-Nes, 1967). The patterns of plasma 
steroid levels were similar to those found for ovarian venous secretory 
levels (Hashimoto, et al., 1968), yet slight temporal differences existed 
between the changes in plasma levels and changes in ovarian steroid con­
centrations during pregnancy (Wiest, 1970), 
Since the pituitary was not necessary for maintenance of pregnancy 
in the rat after Day 11 (Pencharz and Long, 1933), hypophysectomy at this 
time provided an experimental preparation for investigating the effects 
of different exogenous gonadotrophins and prolactin on 20a-OH-SDH in 
adult rats with essentially one set of functional corpora lutea. Pitui­
tary ablation without hormone replacement or with exogenous FSH or 
10 
prolactin administration had no measurable effect on enzyme activity, 
which remained at the very low levels observed from Day 7 to Day 20 
in intact pregnant animals; exogenous LH markedly stimulated 20a-0H-SDK 
activity in the corpora lutea of pregnancy (Wiest, et jJL., 1968). When 
the hypophysectomized animals were hysterectomized (Day 13) enzyme ac­
tivity increased 200-fold after 48 hours and luteal regression was ini­
tiated. Although exogenous LH advanced the onset of enzyme activity it 
did not alter the level of activity attained due to hysterectomy alone. 
In this double surgical condition, administration of prolactin effected 
an approximate 75% inhibition of the increase in activity due to hys-
terectWy; FSH had no effect, Morç specific demonstration (Wiest, et al., 
1968) of involvement of a placental luteotrophic factor (Astwood and 
Creep, 1938) in the control of 20a-OH-SDH was the increase in enzyme 
activity after total placental dislocation in intact pregnant rats. The 
effect was similar to that of uterine excision. 
Wiest and associates (1968; Wiest and Kidwell, 1969) interpreted 
these results in terms of the mechanism for regulating "progestational 
potency" of ovarian secretion by progesterone catabolism. During the 
first trimester of pregnancy, decreasing levels of enzyme activity were 
found to be localized in the involuting corpora lutea generated during 
the estrous cycles preceding pregnancy. Due to a supposed lack of 
critical LH stimulation and increased serum prolactin, 20a-0H-SDH in the 
corpora lutea of pregnancy was not sufficiently stimulated or synthesized. 
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thus limiting progesterone catabolism with subsequent progesterone 
secretion. Progesterone, while functioning at the uterine level, also 
would delay ovulation (Rothchild, 1965) due to the absence of significant 
LH release by the pituitary. With placental development during mid-
pregnancy, placental luteotrophin replaced luteotrophic support from the 
pituitary. Thus, hypophysectomy at this time had minimal effect on 
20a-OH-SDH, while hysterectomy or total placental dislocation had marked 
stimulatory effects which were greatly reduced by exogenous luteotrophin, 
prolactin. Several factors were thought to influence the induction of 
enzyme activity on the 21st day of pregnancy; withdrawal of placental 
support by that day (Astwood and Creep, 1938), decreasing levels of cir­
culating progesterone (Grota and Eik-Nes, 1967; Wiest, et al., 1968) 
and subsequent increase in peripheral LH concentration as suggested by 
the gradual decrease in pituitary LH levels (Greenwald, 1966). The rise 
in LH would stimulate 20a-OH-SDH, thus activating progesterone catabolism. 
Although a supposed increase in blood LH titer was suggested to be a con­
tributing factor to the rise in enzyme activity on Day 21 of pregnancy, 
the increase was probably not to be the primary or only cause of enzyme 
induction, since hypophysectomy on Day 11 did not alter the marked rate 
of increase in enzyme activity on Day 21 but only delayed the onset of 
activity four hours (Wiest, al.» 1968). 
Constant interaction within the pituitary-ovarian-uterine axis for 
the activation of 20a-0H-SDH is evident in Wiest's concept of progesterone 
catabolism as a regulatory mechanism. In terms of pituitary-ovarian 
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interaction, Hashimoto and Wiest (1969b) suggested that LH and prolactin, 
depending upon either their absolute concentrations or concentrations 
relative to each other, activate 20a-0H-SDH which regulates progesterone 
catabolism. 
One principal conclusion from the investigations during pregnancy 
and also during the estrous cycle (Wiest, 1959b; Turolla, et al., 1966j 
Wiest, et al., 1968; Turolla, et al,, 1968) was that 20a-0H-SDH activity 
was an index of luteolysis in the rat (Wiest and Kidwell, 1969; Hashimoto 
and Wiest, 1969a), Various histochemical and/or immunological studies 
supported this conclusion (Lamprecht, Lindner, and Strauss, 1969; Loewit, 
Badawy, and Laurence, 1969; Turolla, et al., 1969; Loewit, 1970; Turolla, 
Baldratti, and Scrascia, 1970), 
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MATERIALS AND METHODS 
Experimental animals 
Female rats derived from the Holtzman strain (SASCO, Omaha, Nebraska), 
weighing 210-260 grams, were maintained in environmentally controlled 
quarters illuminated from 7;00 AM to 7;00 PM daily. Animals received 
Purina Laboratory Chow 56 and water ad libitum supplemented with fresh 
carrots once a week. Vaginal smears were examined daily between 7:00 AM 
and 10:00 AM, and rats exhibiting at least two consecutive five-day cycles 
were randomly assigned to the five experimental groups. These groups and 
the condition of the animals within the groups were: (I) pseudopregnant 
(PP), (II) pseudopregnant and hysterectomized (HX), (III) pseudopregnant 
and bearing an induced decidual response (DR), (IV) pregnant (PG), and (V) 
five-day cyclic rats. 
The five-day,cyclic rats exhibited a three-day diestrus followed by 
one day each of proestrus and estrus as determined by vaginal smears. The 
pseudopregnant condition in Groups I, II and III was induced by mechanical 
stimulation of the cervix on the proestrous and estrous days of the cycle 
(DeFeo , 1966). The last day of stimulation was designated Day 0 (zero) 
of pseudopregnancy. 
The decidual response was bilaterally induced between 10:30 AM and 
2:00 PM on Day 4 of pseudopregnancy (Group III) using a technique described 
by DeFeo (1963). Bilateral hysterectomy was performed between 
11J00 AM and 3:00 PM on Day 5 of pseudopregnancy (Group II), The princi­
pal branches of the uterine artery and vein to each uterine horn were tied 
off with two silk ligatures; circulation through the main artery and vein 
remained unhindered. The uterus was ligated cephalad to the cervix. 
In the afternoon of proestrus, rats assigned to Group IV were caged 
with males of proven fertility. Subsequent mating was diagnosed by the 
presence of spermatozoa in the vaginal smear on the following morning, 
which was designated Day 0 (zero) of pregnancy. 
Vaginal smears were examined each morning (7:00 AM - 10:00 AM), and 
additional smears (5:00 PM - 6:00 PM) were examined from Day 9 (Group I) 
or Day 15 (Groups II and III) to the preassigned day of sacrifice. Vaginal 
smears were taken from all animals within one hour prior to sacrifice. 
Collection of tissues 
Animals were sacrificed either on the morning (7:00 AM - 9:00 AM) or 
evening (6:00 PM - 7:30 PM) of specified days of pregnancy, pseudopregnancy 
or the estrous cycle. The designated days and time of day for rats in 
Group I (PP) were: the morning of Days 1, 2, 4, 6, 7, 9, 10, II, 12 and 
13; the evening of Days 9, 10, 11, 12 and 13, Day 13 subgroup was re­
stricted to rats exhibiting proestrous vaginal smears on Day 13 or on 
terminal day (proestrous smear) other than Day 13, Animals in Group II 
(HX), Group III (DR), and Group IV (PG) were sacrificed on the morning 
of Days 6, 9, 11, 13, 17, 19, 20 and 21, and on the evening of Days 19, 
20 and 21, HX and DR Day 21 subgroups were restricted to rats exhibiting 
proestrous vaginal smears on Day 21 or on terminal day other than Day 21 
(terminal day range was from Day 17 to Day 24), Animals sacrificed for 
subgroups Day 6 through 20 (HX, DR) and Days 1 through 12 (PP) had leuko­
cytic vaginal smears. Pregnant rats were also sacrificed on the morning 
15 
of Days I, 2 and 4, and from three to eight hours after the onset of par­
turition which occurred on Day 22 for all but one (Day 21) rat. Animals 
on PG Day 2 2 had completed delivery of young by the time of sacrifice. 
Five-day cyclic rats in Group V were sacrificed on the morning of each day 
of the cycle and on the evening of proestrus, estrus and the third day of 
diestrus. 
Care was taken at all times to avoid exciting an animal. While under 
light ether anesthesia, animals were bled by cardiac puncture and then de­
capitated. Elapsed time between removal of an animal from her cage and 
decapitation seldom exceeded 1.5 minutes. Both ovaries were rapidly ex­
cised, dissected free of fat tissue, weighed on a Roller-Smith torsion 
balance (500 mg capacity) and placed in ice-cold homogenization medium. 
The ovaries were not frozen but were assayed for enzyme activity the same 
day they were collected. After removal of the pituitary gland, the 
adenohypophysis was dissected free of the neurohypophysis and weighed on 
a Model LH Precision Balance (Federal Pacific Electric Co., Newark, New 
Jersey) (25 mg capacity). Collected blood was allowed to clot at 4 C 
for 5 hr, then centrifuged at lOOOXg 4 C, for 30 min and the serum as­
pirated from the sample. Anterior pituitaries and sera were stored at 
-20 C until assayed for luteinizing hormone and prolactin. 
20a-H.ydroxysteroid dehydrogenase assay 
The biochemical method of assay for the determination of ovarian 20a-
hydroxysteroid dehydrogenase (20a-0H-SDH) activity was essentially the method 
developed lyWiest, Kidwell, and Kirschbaum (1963). Slight modification of this 
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method is included in the following procedure. Except where noted, all 
operations were performed at 0-4 C. The reagents used were purchased 
from Sigma Chemical Company, St. Louis, Missouri, 
The ovaries from an animal were homogenized in a glass homogenizer 
tube with a teflon pestle (Tri-R Instruments, Jamaica, N.Y,) in enough 
medium to make either a 2% (w/v) or 4% homogenate. The homogenization 
medium was a pH 7.4 solution of 0,01M nicotinamide, O.OOIM cysteine, 
O.OOIM ethylenediaminetetraacetic acid (as the disodium salt) (EDTA) and 
O.IM tris (hydroxymethyl)aminomethane hydrochloride (Tris-HCl) buffer. 
The cysteine was added to this medium and the incubation buffer just prior 
to use (Wilcox and Wiest, 1966). The homogenates were centrifuged at 20000Xg, 
4 C, for 30 min, and the supernatant fraction was carefully aspirated from 
the preparation to avoid mixing the clear supernatant with any floating 
lipid material. The supernatant was assayed for 20a-OH-SDH activity by 
spectrophotometric measurement of the rate of nicotine adenine dinucleotide 
phosphate (NADP) reduction. 
The composition of the incubation buffer consisted of 2,8 pmoles 
EDTA (as the disodium salt), 28.0 pmoles of nicotinamide, 2.8 ;imoles 
cysteine and 0,1M Tris-HCl buffer, pH 8,4 at 25 C, in a total volume of 
2,6 ml. Prior to each assay, 2,6 ml of Incubation buffer, 1 pmole NADP 
in 0.1 ml redistilled water and 0.272 pmole 20a-hydroxy-pregn-4-en-3-one 
in 0,1 ml redistilled ethanol were added to a 3 ml quartz cuvette of 1 cm 
light path. Incubation medium was warmed at 37 C for 5 min in the thermo-
regulated cell chamber of a Bechman-DU Spectrophotometer; the instrument 
was modified by the adaptation of a Gilford Model 222 Photometer/Light 
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Source Stabilizer and a Honeywell Electronik-16 chart recorder. There 
was no change in absorbance by the incubation medium during this pre­
incubation period. The 20a-hydroxy-pregn-4-en-3-one oxidation reaction 
was initiated by addition of 0,2 ml of the ovarian extract supernatant 
fraction (either in its original concentration or appropriately diluted 
to an assayable range) to the medium. The increase in absorbance at 
340 nm due to NADP reduction was continuously recorded and was linear 
for at least 1.5 minutes. Initial velocity for the reaction was cal­
culated from the linear rate of increase. Addition of supernatant 
fraction to incubation medium containing 0.1 ml ethanol without 20a-
hydroxy-pregn-4-en-3-one did not cause a linear rate of increase in 
absorbance at 340 nm. 20a-hydroxysteroid dehydrogenase activity was 
expressed in terms of milliunits (mU) of enzyme activity per milligram 
wet weight of ovary (mU/mg ovary) and mU" per mg supernatant fraction 
protein (mU/mg protein), where one unit of activity was defined as the 
formation of 1 pmole of NADPH per minute at 37 C. Protein assays were 
performed according to procedures described by Lowry et al. (1951) and 
employed modifications of this procedure described by Munro and Fleck (1969). 
Radioimmunoassays (RIA) for luteinizing hormone (LH) and prolactin (P) 
The anterior pituitaries were individually homogenized in O.OIM 
sodium phosphate buffer in 0.14M NaCl (PBS), pH 7,0, at a concentration 
of 0.1% (w/v). After centrifugation of the tissue suspension at lOOOXg, 
4 C for 30 min, the clear supernatant was aspirated and 0,2 ml was diluted 
1;30 (v/v) with PBS-17o (w/v) crude egg albumin (EW) (Sigma Chemical Co.), 
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pH 7,0, and stored at -20 C until assayed. Diluted pituitary prepara­
tions and the serum samples were assayed in duplicate and at different 
concentrations. Each serum sample was assayed for LH at two different 
times and the mean value from the two assays taken for the concentration 
of LH in the sample. 
The procedure used for the double antibody LH radioimmunoassay has 
been described by Niswender et al, (1968), Antiserum (no, 15) prepared 
in rabbits to ovine LH was provided by Drs, G, D, Niswender and A, R, 
Midgley, University of Michigan, Ovine LH for radioiodination (LER-1056-
C2; 1.73X NIH-LH-Sl in the ovarian ascorbic acid depletion assay) was 
provided by Dr. L, E, Reichert, Emory University, and rat LH used for the 
reference standard (0,135XNIH-LH-S1; Goldman et al., 1969) was provided 
by Dr, J, C. Porter, University of Texas Southwestern Medical School. 
Antiserum to rabbit gamma globulin (RGG) was prepared in sheep by the 
method described by Monroe, Parlow, and Midgley (1968), 
Serum, pituitary preparation or reference standard was added to 
PBS-r%, EW in a total volume of 500 pi. Two-hundred microliters of diluted 
LH antiserum (diluted so as to precipitate 30-45% of the added iodinated 
hormone) was incubated with the antigenic preparation at 4 C for 24 
hours. LH-IZ^ I (100 ;ul), diluted to yield 10000- 18000 counts per minute 
(cpm) on the day of radioiodination, was added to each sample tube. 
After the second 24-hour incubation at 4 C, 200 ^ 1 of antiserum to RGG 
diluted so as to maximally precipitate the RGG present, were added to 
precipitate the antibody-bound LH-^ ^^ I. Following an additional 72 
hours of incubation at 4 C, 1.8 ml of PBS were added to dilute the 
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unbound in the suspension. The samples were centrifuged at 
lOOOXg and 3000Xg for 15 minutes each, 4 C, the supernatant aspirated 
and discarded, and the remaining precipitate counted in a Packard Series 
5000 Auto-Gamma Spectrophotometer. 
The double antibody prolactin radioimmunoassay proceduiv was 
described by Niswender e_t al, (1969), The procedure was the tame as 
described above for LH with the exceptions that the prolactin antiserum, 
reference preparation and iodinated prolactin appropriately replaced 
the LH counterparts. Antiserum (no, 10) to rat prolactin and the rat 
prolaction preparation for radioiodination (LER-1421-96) were provided 
by Drs. J, D. Neill and L. E. Reichert, Emory University. The reference 
standard (NIAMD-Rat Prolactin-RP-1; approximately 30 lU/mg) was provided 
by the National Institute of Arthritis and Metabolic Diseases, National 
Institutes of Health, Rat Pituitary Hormone Distribution Program. 
The radioiodinations of LH and prolactin were performed by modification 
of the procedure described by Monroe, Parlow, and Midgley (1968). 
To the reaction vessel containing 2,5 pg of hormone in 27.5 nI 
of 0.5M sodium phosphate buffer (PB), pH 7,5, 1 millicurie of (carrier 
free; concentration greater than 125 mci of ^ 5^% as Na^ ^^ I/ml of O.lM 
NaOH; New England Nuclear, Boston, Mass;Stock Number NEZ-033 or NEZ-033H) 
was added. After approximately 60 seconds, 30 fig (18.6 )ig for prolactin 
iodination) of Chloramine-T in 10 ^ 1 of 0.05M PB, pH 7.5 was added to 
the reaction vessel and incubated at room temperature for exactly 120 
seconds, after which time 125 jug of sodium metabisulfite in 50 /il 0.05M 
PB was added to the mixture. Subsequent to the addition of 100 ;il of 
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a transfer solution (1% (w/v) potassium iodide and 0.01% (w/v) brom-
phenol blue in 16% (w/v) sucrose in water), the entire mixture was ap­
plied to the top of a 0.8 X 22 cm gel chromatography column, BioGel 
P-100, 50-100 mesh (Bio-Rad Laboratories, Richmond, California) was 
used for the gel filtration system and Sephadex G-150 (Pharmacia, 
Piscataway, New Jersey) was used for the Prolactin-^ separation from 
the unbound A rinse solution (same as transfer solution except 
that 8% (w/v) sucrose in water was used) of 50 pi was first added to the 
reaction vessel, then transferred to the top of the gel bed. The column 
was eluted with 0.05M PB, pH 7,5 and 15 to 25 1 ml or 0.5 ml fractions 
were collected in 1 ml or 0,5 ml of PBS-5% EW, Gel filtration was per­
formed at 4 C, After counting the fractions in the Auto-Gamma Spectro­
photometer an appropriate volume of hormone-^ ^^ I for an assay was pre­
pared by diluting a portion of the solution from the peak immunoreactive 
fraction with PSB-1% EW, 
Statistical analysis of data 
If complete experimental information (20a-OH-SDH activity, serum and 
pituitary LH and prolactin concentrations) from an animal was not avail­
able, that animal was not included in the analysis. Least squares analysis 
of variance with unequal subclass size was applied to the log transformed 
data followed by planned orthogonal comparisons between least square 
means; a posteriori comparisons were made with Student's t-test (Snedecor 
and Cochran, 1967), 
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RESULTS 
20a-Hydroxysteroid dehydrogenase 
Ovarian enzyme activities in the five experimental groups of animals 
are presented for each group in Tables 1 through 5 and summarized in 
Figures 1 and 2. Supernatant protein concentrations from ovarian 
homogenates were similar over the five groups (mean = 0.074 mg protein/ 
mg wet weight of ovary). Results of statistical analysis of enzyme 
specific activity in terras of mll/mg protein and mU/mg ovary were identical. 
In 5-day cyclic animals, a near linear increase in enzyme specific 
activity occurred from the morning of diestrus II to the evening of pro-
estrus, whereas an abrupt decline (p^ .Ol) in activity was found follow­
ing proestrus (Table 1 and Figure 1), The lower levels of activity found 
on diestrus I and II of the cycle were also observed following cervical 
stimulation. However, 20a-0H-SDH activity continued to decrease in 
linear fashion through Day 7, at least on the days of pseudopregnancy 
when animals were sacrificed. 
There was a significant (p <,01) linear regression of dehydrogenase 
specific activity on Days 9 through 13 of pseudopregnancy (slope = 
10.9^ 1.2 mU enzyme/mg protein/day (coeftSE)) with a small quadratic 
trend (p<C.05). Neither the difference in activity between morning and 
evening on these days nor the day by time-of-day (i.e., morning and 
evening) interaction was significant(p> ,05). Linear increase in 
ovarian weight during this period was significant (p<.01), although a 
quadratic trend did exist (p<.05). Inequalities in mean ovarian weight 
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Table 1, Ovarian 20a-hydroxysteroid dehydrogenase activity during the 
estrous cycle (Group V)^  
Day Time 
of 
dayC 
Number 
of 
rats 
Ovarian 
wet weight 
(mg) 
20a-OH-SDH 
(mU/mg 
protein) 
activity 
(mU/mg 
ovary) 
Diestrus I M 5 64-, 8+3.5 46.5+2.6 3.32+0.23 
Diestrus II M 6 66.2*2.8 38.8+2.5 2.83+0.16 
Diestrus III M 6 74.3*3.0 52.0+6.4 3.73+0.42 
E 6 64.0+2.7 61.5+4.6 4.57+0.32 
Proestrus M 6 62.1+1.1 73.2+5.3 5.20+0.40 
E 6 72.6+1.2 85.4+7.8 6.38+0.71 
Estrus M 5 64.3+3.4 52.8+4.8 3.80+0.28 
E 5 73.6+5.2 49.9+4.0 3.85+0.30 
V^alues presented are the meanstsE for each subgroup of animals. 
M^illiunit of enzyme activity per mg wet weight of ovary or per mg 
supernatant fraction protein. One unit equals 1 pmole NADPH formed 
per minute at 37 C, 
'^ M=morning (7:00-9:00 AM); E=evening (6;00-7;30 PM). 
Figure 1, Changes in serum and pituitary gland luteinizing hormone 
and prolactin concentrations and ovarian ZOu-hydroxy-
steroid dehydrogenase activity during the estrous cycle 
(Symbols on the illustrations represent meaniSE. 
Abbreviations; mU=milliunits of enzyme activity, where 
one unit equals formation of one jimole NADPH per min at 
37 C; AM=7:00-9:00 AM; PM=6;00-7;30 PM; D=diestrus; 
P=proestrus; E=estrus) 
OVARIAN 20a-0H-SDH ACTIVITY LUTEINIZING HORMONE CONCENTRATION 
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and in mean dehydrogenase level between rats sacrificed on proestrous 
Day 13 and those sacrificed when proestrus occurred on Day 12 are not 
readily explainable (Table 2). Since the enzyme activity in the pro-
estrous Day 12 group is not different from the level found in diestrous 
Day 12 animals, and in consideration of the significant linear increase 
in activity over the last third of pseudopregnancy, the difference in 
enzyme levels between the two proestrous groups could be due to differ­
ences in degree of induction of enzyme activity with time. Although 
enzyme activity during the second half of the 13-day pseudopregnancy 
increased, the activities found on Days 1 to 11 were less than the de­
hydrogenase levels present during the estrous cycle (cf. Tables 1 and 2), 
The decrease in 20a-0H-SDH level over Days 1 through 6 of preg­
nancy (Group IV, PG) was virtually identical to the decrease found in 
pseudopregnancy (Group I, PP) during the same period (cf. Tables 5 and 2; 
Figure 2); slight difference between the two groups was not significant 
(p> .05). Linear regression of enzyme activity on days was significant 
(p<.01) with a slope of -5.7"to.S mU enzyme/mg protein/day. For 
pseudopregnant animals, this indicated that the rate of decrease in 
enzyme activity during the first half of pseudopregnancy was approxi­
mately one-half the rate of increase during Days 9 to 13. Variance at­
tributable to lack of fit to linear regression was non-significant (p>,05), 
although enzyme levels on Days 1 and 2 were not different (p > ,05) 
by orthogonal comparison. During this period, ovarian weights in pregnant 
and pseudopregnant animals were similar (p>,05). 
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Table 2, Ovarian 20a-hydroxysteroid dehydrogenase activity during 
pseudopregnancy (Group I)* 
Day Time Number Ovarian 20a-OH-SDH activity^  
of of wet weight (mU/mg 
1
 
S
 
day^  rats (rag) protein) ovary) 
1 M 5 61.614,4 36.9*6,8 2.88*0.54 
2 M 7 64.0t2.4 30,3*5,5 2.34*0.44 
4 M 6 65.2t3,l 18,1*2,1 1,37+0.17 
6 M 5 52.5*2,2 10,5+1,0 0.83*0.07 
7 M 2 50,9*1,9 5,2+0,8 0.40+0,02 
9 M 6 61,2+3.0 17,9+4,7 1.36*0,36 
E 6 56.9+3,8 14,6+2,1 1.09+0,15 
10 M 8 58,8*3,5 24,6+5,7 1.96+0.42 
E 8 58,0*2.5 26,3+2.4 1,91+0,16 
11 M 6 56.8*3.3 35.9+5.7 2,84+0.40 
E 8 62,6*2,2 52.6+7.0 3,88+0.46 
12 M 8 62.4*2.0 51.4+5.8 3,98+0,47 
E 6 63.2*1.8 50.3+4.3 3.76+0.31 
13 M 6 70.8*3.9 55.5+3.2 4.48+0.31 
El 4 81.8*5.1 73.6+7.6 5.57+0.51 
E2 6 67,6+3,1 52,4+2,3 4.27+0.17 
El+2 10 73.3*3.5 60.9*4,6 4.79+0.30 
V^alues presented are mean.^ SE for each subgroup of animals, 
M^illiunit of enzyme activity per mg wet weight of ovary or per mg 
supernatant fraction protein. One unit equals 1 pmole NADPH formed per 
minute at 37 C, 
M^=mornlng (7:00-9:00 AM); E=evening (7:00-7:30 PM), Ei=proestrous 
vaginal smear on Day 13, E2=proestrous vaginal smear on Day 12, E2^ 2^=El 
and E2 combined. 
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Table 3. Ovarian 20a-hydroxysteroid dehydrogenase activity during 
pseudopregnancy with hysterectomy (Group II)& 
Day Time 
of 
dayC 
Number 
of 
rats 
Ovarian 
wet weight 
(mg) 
20a-0H-SDH 
(mU/mg 
protein) 
activity 
(mU/mg 
ovary) 
6 M 5 56.361.8 11.9tl.3 0.86±0.09 
9 M 6 60.6*1.3 10.5+1.2 0.78+0.08 
11 M 7 55.9t2.8 7.1+2.4 0.54+0.18 
13 M 6 54.6^ 0.8 6.3+1.4 0.47+0.11 
17 M 6 54.4^ 1.4 8.5+1.4 0.63+0.11 
19 M 5 52.1+1.7 15.4+2.5 1.13+0.19 
E 5 56.3+1.1 17.8+4.8 1.32±0.35 
20 M 5 54.0+2.8 26.2+5.7 1.93+0.41 
E 6 55.0+1.0 26.0+4.4 1.91+0.36 
21 «1 3 83.2+3.9 83.9+5.4 6.49+0.71 
M2 6 73.3+5.9 79.8+6.8 5.15+0.51 
1^+2 9 76.6+4.3 81.1+4.7 5.60+0.45 
El 3 82.1+2.0 74.7+7.2 5.53+0.60 
E2 7 71.5+2.9 71.6+2.5 4.85+0.23 
H+2 10 74.7+2.6 72.5+2.6 5.05+0.24 
V^alues presented are meantSE for each subgroup of animals. 
M^illiunit of enzyme activity per mg wet weight of ovary or per 
mg supernatant fraction protein. One unit equals 1 pmole NADPH formed 
per minute at 37 C, 
M^=morning (7:00-9;00 AM); E=evening (6:00-7:30 PM) ; Mj^ , E]^ =pro-
estrous vaginal smear on Day 21; M2, E2=proestrous vaginal smear on 
terminal day other than Day 21; H^-2~^ l 2^ combined, E^  and 
E2 combined. 
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In contrast to Group I, pregnant animals in Group IV had minimal 
levels of dehydrogenase activity after Day 6 and until Day 21, Although 
initial levels in HX (Group II) and DR (Group III) pseudopregnant rats 
closely approximated the levels during mid-pregnancy, ovarian enzyme ac­
tivity in pseudopregnant rats during Days 17 to 21 increased earlier, 
more rapidly and was greater (p<.01) than in pregnant animals (Tables 
4 and 5; Figure 2), The difference in activity between Groups II and 
III was non-significant (p>,05). Over the three groups (II, III and 
IV), regression of 20a-0H-SDH on Days 17 to 21 had significant (p<.01) 
linear and quadratic trends, and Day 21 enzyme levels were much greater 
(p<,01) than Days 17, 19 and 20, As found for Group I, the difference 
in activity due to time-of-day was non-significant (p> .05) over the 
three groups during this period. The same result (p> ,05) was found 
for the interactions of time-of-day with treatment effects and with days, 
but not (p<,01) for group by day interaction. Thus, the differences in 
enzyme activity with the three uterine conditions investigated did not 
appear to be confounded by small diurnal fluctuations. From these re­
sults, enhancement of 20a-0H-SDH activity at the end of pregnancy and the 
21-day pseudopregnancy (HX and DR) was more abrupt than the steady in­
crease over several days found in 13-day pseudopregnancy. 
Luteinizing hormone and prolactin 
A preliminary study, performed in order to estimate the time of 
preovulatory release of LH in rats maintained under the present experi­
mental conditions, with 12 proestrous animals revealed that principal 
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Table 4, Ovarian 20a-hydroxysteroid dehydrogenase activity during 
pseudopregnancy with a decidual response (Group III)& 
Day Time 
of 
day® 
Number 
of 
rats 
Ovarian 
wet weight 
(mg) 
20a-OH-SDH 
(mU/mg 
protein) 
activity^  
(mU/mg 
ovary) 
6 M 6 59.7*1.8 12.6+3.4 0.92t0.23 
9 M 6 55,0*1.8 8.4+1.8 0.59+0.13 
11 M 7 51.3+2.8 7.7+2.4 0.59+0.18 
13 M 6 52.9+2.8 7.2+1.3 0.53+0.09 
17 M 6 54.2+2.9 12.4+3.1 0.94+0.23 
19 M 6 61.1+7.1 27.6+11.3 2.04+0.82 
E 8 62.2+1.4 22.1+5.2 1.70+0.40 
20 M 7 58.0+1.6 20.1+6.0 1.48+0.43 
E 5 53.2+3.1 20.1+11.7 1.55+0.91 
21 «1 4 57.4+7.1 66.2+6.9 5.12+0.48 
"2 4 72.8+3.4 77.1+8.3 5.15+0.62 
"1+2 8 65.1+4.6 71.7+5.4 5.14+0.36 
El 4 87.9+4.6 66.8+1.1 4.78+0.33 
E2 5 78.7+7.7 75.5+14.4 5.39+0.98 
1^+2 9 82.8+4.8 71.6+7.7 5.11+0.54 
V^alues presented are mean,-t SE for each subgroup of animals. 
M^illiunit of enzyme activity per mg wet weight of ovary or per mg 
supernatant fraction protein. One unit equals 1 pmole NADPH formed per 
minute at 37 C, 
®M=morning (7:00-9:00 AM); E=evening (6:00-7:30 PM)j Ej^  = 
proestrous vaginal smear Day 21; M2, E2=proestrous vaginal smear on 
terminal day other than Day 21; ®H-2~^ 1 2^ combined, E^  
and E2 combined. 
30 
Table 5. Ovarian 20a-hydroxysteroid dehydrogenase activity during 
pregnancy and the first postpartum day (Group IV)* 
Day Time 
of 
dayC 
Number 
of 
rats 
Ovarian 
wet weight 
(mg) 
20a-OH-SDH 
(mU/mg 
protein) 
activity^  
(mU/mg 
ovary) 
1 M 6 62.6+4.3 41.7+5.9 3.10+0,43 
2 M 6 72.6+3.8 29.9+4.6 2.28+0.30 
4 M 6 60.1+2.0 19.0+2.0 1.44±0.14 
6 M 5 56.7+1.9 9.7+1.8 0.71+0.14 
9 M 6 58.3+4.4 7.0t0.7 0.54*0.05 
11 M 6 67.9+4.5 6.0+0.9 0.4O+0.07 
13 M 6 81.4+2.2 3.2 to. 6 0.25+0.05 
17 M 5 84.9+5.6 1.8+0.2 0.14±0.01 
19 M 5 105.0+4.0 3.2+0.5 0.24+0.04 
E 6 94.0+6.4 1.9+0.2 0.14+0.02 
20 M 6 105.1+5.6 2.0+0.5 0.15+0.03 
E 6 97.6+4.0 3.9±0.8 0.29±0.0b 
21 M 6 94.7+7.2 15.4+1.9 1.17+0.15 
E 6 95.7+4.2 30.9+6,7 2,33+0.50 
Post­
partum V 6 98.0+6.2 86.7+6.2 6.37+0.39 
V^alues presented are mean."tSE for each subgroup of animals. 
Milliunit of enzyme activity per mg wet weight of ovary or per mg 
supernatant fraction protein. One unit equals 1 pmole NADPH formed 
per minute at 37 C. 
M^=morning (7:00-9:00 AM); E=evening (b;00-7:30 PM); V=variable day 
of sacrifice, one rat delivered pups on the late afternoon of Day 21, three 
rats delivered pups between midnight and 8:00 AM Day 22, and two rats de­
livered pups between 8:00 AM and 2:00 PM Day 22. All postpartum females 
sacrificed 3-8 hrs after onset of parturition; all had completed delivery. 
Figure 2. Fluctuations in ovarian 20a-hydroxysteroid dehydrogenase 
activity during 13-day pseudopregnancy (Group I, PP), 21-
day pseudopregnancy with hysterectomy (Group II, HX) or 
with decidual response (Group III, DR) and pregnancy 
(Group IV, PG, including postpartum Day 1) 
(Symbols on the illustrations represent a mean value. 
Ordinate symbols; mU=milliunits of enzyme activity, where 
one unit equals formation of one pmole NADPH per min at 37 C) 
OVARIAN 2Qa-0H-SDH ACTIVITY 
(mU/mg protein) 
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release was spread over approximately a four hour period - 4:00 PM to 
8:00 PM (range=188-1500 ng LH/ml serum) - with greatest concentration 
of serum LH found about 6:00 PM. The relatively large standard error 
for the "proestrus, evening" subgroup's LH concentrations in the present 
study were most probably a manifestation of the time-of-day variability 
seen in the preliminary investigation. It was neither unexpected in 
cycling animals nor in Groups I, II and III on the terminal proestrous 
day of pseudopregnancy. 
The results of the hormone assays are presented in Table 6 (and 
Figure 1) for 5-day cyclic rats. Prolactin and LH serum levels on estrus 
closely approximated diestrous concentrations; the mean LH level on the 
morning of estrus was inflated by the result from one animal (mean+SE 
of remaining four rats was 15,8+0.9 ng/ml serum). Although serum pro­
lactin concentration approximately doubled (p <.01) from diestrus III to 
the morning of proestrus, increase in serum LH at this time was not 
significant (p > .05). These results are more obviously reflected in 
the serum ratio of LH concentration to prolactin concentration (LH; 
prolactin ratio) presented in Table 6; ratio on evening of diestrus III 
was not significantly greater (p>.05; Student's t-test) than the ratio 
on the morning of proestrus. In both cases, however, the rise in serum 
hormone levels occurred following accumulation of the hormones in the 
anterior pituitary indicating that both synthesis and release of the 
hormones were taking place. Whereas the patterns for serum hormones were 
quite similar during the estrous cycle, those observed for pituitary LH 
Table 6, Luteinizing hormone and prolactin concentrations in the serum and anterior pituitary of 
cyclic rats (Group V)^  
Day Anterior Luteinizing hormone^  Prolactin^  LH; prolactin ratio 
and 
time^  
pituitary 
wet weight 
(me) 
(ng/ral 
serum) 
(pg/mg 
pituitary) 
(ng/ml 
serum) 
(pg/mg 
pituitary) 
serum pituitary 
Diestrus 
M (5) 
I 
8.0i0.6 16.7±2.8 5.45±0.29 53.6+10,1 1.56+0.08 0,32+0,03 3.5+0,3 
Diestrus 
M ^  (6) 
II 
8,1+0,6 12.3+1.6 7.46+1,03 41,5+4,3 1.11+0,08 0,31+0,06 6.8+0.9 
Diestrus 
M (6) 
III 
8.6+0.6 17.8+2.4 9.41+1.19 50.0+8.3 1.08+0.08 0.41+0,08 8.6+0.6 
E (6) 8.6+0.7 16.1+0.7 9.56+1.57 40.6+6.3 1.10+0.11 0.44+0.06 8.4+0.9 
Proestrus 
M (6) 
1 
8.7+0.8 21.3+2.2 10.03+1.02 83.3+8.6 1.45+0.15 0.28+0.05 7.4+1.2 
E (6) 8.6+0.9 942+94 6.70+0,99 294+41 0.69+0,07 3.3+0.3 9.6+0.9 
Estrus 
M (5) 9.2+0.9 20.2+4,5 4.27±0.50 58.6+6.1 1,90+0,35 0.35±0.06 2.6±0.5 
E (5) 9.1+0.5 12,3+2,6 7,42+1,37 49.3+9.7 1.87+0,07 0,29+0,08 4.0+0.8 
V^alues presented are meantSE for each subgroup of animals, 
L^H in terms of reference standard with a relative potency of 0.135xNIH-LH-Sl, Prolactin in 
terms of NIAMD-Rat Prolactin-RP-1, Pituitary hormone concentration as pg/mg wet weight. 
M^=(7:00-9:00 AM); E=evening (6:00-7:30 PM). Number of animals is in parentheses. 
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and prolactin were in marked contrast to each other (Figure 1), Both 
hormones were abruptly released by the pituitary on the evening of pro-
estrus, but prolactin reaccumulation occurred within 12 to 15 hours 
after release while nearly 4 days passed until LH again reached pro-
estrous levels. 
The results of the assays for serum and pituitary LH and prolactin 
concentrations during pseudopregnancy and pregnancy are summarized in 
Tables 7 through 10 and Figures 3 and 4, Significant linear decrease 
(p<,05) in serum LH levels and linear increase (p< .01) in pituitary LH 
levels were found during pregnancy and 13-day pseudopregnancy (Group I) 
from Day 1 through Day 6, In both cases, difference between the groups 
over the four specified days was non-significant (p>,05). Serum and 
pituitary LH tended to increase during the last half of pseudopregnancy, 
as evident by linear and quadratic regressions (p<.01) of LH on Days 9 
through 13, The increase (p<,01) in serum LH and the decrease (p< ,01) 
in pituitary LH on the morning of Day 13 were not matched by similar 
changes in prolactin levels. Thus it was not unusual that the serum 
LH;prolactin ratio during the last day of pseudopregnancy reflected the 
changes in serum LH (cf. Figure 3 and Figure 5), Both serum LH and pro­
lactin had significant (p<.01) day by time-of-day interactions over 
Days 9 to 13. 
Except for Day 11 and the morning of Day 9, serum prolactin levels 
during the 13-day pseudopregnancy were greater (p<.05) than the mean level 
for three mornings of diestrus during the estrous cycle (48.1+4.3 ng/ml). 
In pregnant animals, serum prolactin levels over Days 1 through 6, 
Table 7, Luteinizing hormone and prolactin concentrations in the serum and anterior pituitary 
during pseudopregnancy (Group I)^  
Prolactin^  LHtprolactin ratio 
and 
time® 
pituitary 
wet weight 
(mg) 
(ng/ml 
serum) 
(pg/mg 
pituitary) 
(ng/ml 
serum) 
(pg/mg 
pituitary) 
serum pituitary 
1 M (5) 10,0+0,9 13.2+2,1 5.06+0.66 175+41 1.17+0.10 0,11+0,05 4.50+0.7 
2 M (7) 10,5+0.8 14.3+2,9 6,79+0,82 161+26 1.58+0,10 0,10+0,01 4.4+0.6 
4 M (6) 9,3+0,6 11,1+2,6 7,36+0,60 132+23 1.19+0.12 0,10+0,03 6.3+0.4 
6 M (5) 8,0+0,5 7.2+0,9 11.19+0,54 126+35 0.89+0.08 0,08+0,02 13.0+1,6 
7 M (2) 7.9+2.0 6,4+0,9 14.20+2,16 117+77 1.12+0.18 0,09+0.05 13,4+4.2 
9 M (6) 9,20+0,8 16.9+4,2 18.14+1.55 88,5+19.6 1.17+0.09 0.21+0.05 15.5+0.6 
E (6) 8.7+0.8 8,1+0,6 15.47+1.35 97.5+18.7 1,41+0.15 0.11+0.03 11.3+1.0 
Values presented are mean+SE for each subgroup of animals, 
\h in terms of reference standard with a relative potency of 0,135 x NIH-LH-Sl. Prolactin in 
terms of NIAMD-Rat Prolactin-RP-1, Pituitary hormone concentration as yg/mg wet weight, 
M^=morning (7:00-9:00 AM); E=evening (6:00-7:30 PM); E^ =proestrous vaginal smear on Day 13; Eg: 
proestrpus vaginal smear on Day 12; and Eg combined for terminal day of pseudopregnancy. 
Number of animals is in parentheses. 
Table 7. (Continued) 
Day Anterior Luteinizing hormone^  Prolactin^  LH;prolactin ratio 
and 
time^  ' 
pituitary 
wet weight 
(mg) 
(ng/ml 
serum) 
(jLig/mg 
pituitary) 
(ng/ml (pg/mg 
serum) pituitary) 
seru m pituitary 
10 M (8) 8.9+0.3 12.6+2.8 14.68+0.75 84.3+13.6 1.21+0.13 0.17+0.04 13.2+1.5 
E (8) 8.2+0.4 16.2+3.4 18.43+1.32 81.0+10.3 1.23+0.10 0.20+0.03 15.0+1.9 
11 M (6) 8.6+0.7 15.4+2.8 18.67+0.74 53.7+5.7 1.20+0.03 0.31+0.07 15.6+0.7 
E (8) 9.2±0.5 14,3+3.2 18.21+1.09 101±27 1.42±0.08 0.17+0.04 13.0+0.8 
12 M (8) 8.5+0.5 15.7+2.2 21.42+1.09 66.7+7.0 1.15+0.04 0.26+0.04 18.6+0.8 
E (6) 8.8+0.4 17.2+4.3 22.41+2.05 79.2+15.9 1.32+0.13 0.26+0.09 17.6+2.1 
13 M (6) 7.4+0.7 35.9+7.9 8.10+3.10 76.4+7.8 1.39+0.05 0.49+0.11 5.6+2.0 
El (4) 10.1+0.6 1360+373 10.07+4.42 304+39 1.09+0.24 4.4 +1.0 8.6+2.4 
2^ (6) 9.1+0.4 2100+118 6.76+2.23 243+34 0.99+0.15 9.6+1.5 6.3+1.0 
E 1+2 (10) 9.5±0.4 1800±194 8.08+2.13 268+26 1.03+0.13 7.5+1.3 7.2+1.1 
Table 8, Luteinizing hormone and prolactin concentrations in the serum and anterior pituitary 
during pregnancy and the first postpartum day (Group IV)* 
Day Anterior Luteinizing hormone^  Prolactin^  LH;prolactin ratio 
and 
time^  
pituitary 
wet weight 
(mg) 
(ng/ml 
serum) 
(jig/rag 
pituitary) 
(ng/ml 
serum) 
(pg/mg 
pituitary) 
serum pituitary 
1 M (6) 9.2+1.0 19.7+5.1 5.06+0.65 107+22 1.32+0.11 0,19*0.05 4.2±0.9 
2 M (6) 10.8+0.6 10.9+1.8 4.96+0.59 210±33 1.37t0.16 0,06*0,01 4.4*1.4 
4 M (6) 8.6+0.6 12.8+3.4 8.21+0.73 63.0+6.4 1.47+0.13 0.19+0.04 5.9+0.8 
6 M (5) 8.5+0.8 10.9+1.4 11.68+0.98 87.9+30.4 1.38+0.16 0.18+0.04 9.3+2.0 
9 M (6) 9.6+0,4 9.6+1.1 15.24+1.16 40,9+3,4 1,63+0,07 0.24+0.03 9.5+1.1 
11 M (6) 8.9+0.6 6.7+1.0 19.9-3+0.91 41.0+5.5 1,39+0,09 0.17+0.02 14,8+1,7 
13 M (6) 8.2+0.4 7.8+0.7 20.07+1.13 45.6+1.8 1,10+0,06 0.17+0.02 18.5+1.4 
17 M (5) 8.0+0.7 5.4+0.5 15.36+0.75 56.2+9.3 1,34+0,12 0.11+0.02 11.8+1.2 
V^alues presented are meani-SE for each subgroup of animals. 
LH in terms of a laboratory reference standard with a relative potency of 0.135 x NIH-LH-Sl, 
Prolactin in terms of NIAMD-Rat Prolactin-RP-1, Pituitary hormone concentration as jig/mg wet weight, 
M^=morning (7:00-9:00 AM); E=evening (6:00-7:30 PM). Number of animals is in parentheses. 
Table 8, (Continued) 
Day Anterior Luteinizing hormone^  Prolactin^  LH:prolactin ratio 
and 
time^  
pituitary 
wet weight 
(mg) 
(ng/ml 
serum) 
(pg/mg 
pituitary) 
(ng/ml 
serum) 
(pe/mg 
pituitary) 
serum pituitary 
19 M (5) 8.2+0.4 8.3+1.2 15.33+1.24 47,9+4,3 1,48+0,10 0,18+0,04 10.4+0.5 
E (6) 8.1+0.5 8.4+0,9 14.00+0.63 79.8+16,4 1,22+0,14 0,13+0,03 12.4+1.7 
20 M (6) 9.3+0.5 11.2+1.3 14.24+1.15 83,9+12,6 1,18+0,07 0,15+0,02 12.4+1.3 
E (6) 9.3+1.0 9.1+1.4 14,91+1,90 110+22 1,29+0,10 0.10+0,02 12.2±2.1 
21 M (6) 8.0*0.6 19.9+3.9 17,98+2,83 302+56 1,10+0,17 0,09+0.03 16.7+1.4 
E (6) 8.5+0.6 19.6+3.1 15,57+0.91 243+67 0,88+0,04 0,13±0.04 18.0+1.7 
Postpartum d 
V (6) 10.4+0.8 17,6+2.4 12.32+1,64 106+21 1,72+0.21 0.21±0.06 7.6+1.3 
V=variable day of sacrifice, one rat delivered pups on the late afternoon of Day 21, three 
rats delivered pups between midnight and 8;00 AM Day 22, and two rats delivered pups between 8:00 AM 
and 2:00 PM Day 22, All postpartum females sacrificed 3-8 hrs after onset of parturition; all had 
completed delivery. 
Table 9, Luteinizing hormone and prolactin concentrations in the serum and anterior pituitary 
during pseudopregnancy with hysterectomy (Group II)* 
Day Anterior Luteinizing hormone^  Prolactin^  LH:prolactin ratio 
and 
time^  
pituitary 
wet weight 
(mg) 
(ng/ml 
serum) 
(pg/mg 
pituitary) 
(ng/ml 
serum) 
(pg/mg 
pituitary) 
serum pituitary 
6 M (5) 9,0+0,5 10.1+1,8 10.66+1,07 170+37 0,94+0,18 0,07+0.02 12,8t2,3 
9 M (6) 8.6+1,0 9,9+2,3 15.24+1,00 61,4+6,8 1,22+0,19 0,16+0,03 14,6+3,1 
11 M (7) 7.8+0.8 8.9+L4 15,70+1,30 52,1+3,6 1,15+0,15 0,18+0,03 16,7+1.7 
13 M (6) 8.1+0.5 9,8+1,4 18,88+1,77 57,3+11.3 1,14+0.11 0,20±0.04 17,3±2,1 
17 M (6) 7.9+0.4 10.7+1.8 22,49+1,36 42.4+4,0 1.32+0.11 0,25+0.03 17.6+1.8 
19 M (5) 8.7+0.5 11.5+1.3 18,54+1,35 50,9+3,5 L.06+0,07 0,22+0,01 17.6+1.1 
E (5) 8.2+0.7 11.0+1.6 19,53+1,68 59,9+15,7 1,24+0,15 0,25±0.07 16,3+1,6 
\alues presented are meaniSE for each subgroup of animals, 
in terms of a laboratory reference standard with a relative potency of 0,135 x NIH-LH-Sl, 
Prolactin in terms of NIAMD-Rat Prolactin-RP-1, Pituitary hormone concentration as pg/mg wet weight, 
M^=morning (7:00-9:00 AM); E=evening (6:00-7:30 PM); and Ej^ =proestrous vaginal smear on Day 
21; M2 and E2=proestrous vaginal smear on terminal day other than Day 21; ^ 1+2 and E, ,2=Mj^  and M2 
combined, and E2 combined terminal day of pseudopregnancy. Number of animals is in parentheses. 
Table 9, (Continued) 
Day Anterior Luteinizing hormone^  Prolactin^  LH:prolactin ratio 
and pituitary (ng/ml (pg/mg (ng/ml (pg/mg serum pituitary 
time^  wet weight serum) pituitary) serum) pituitary) 
(mg) 
20 M (5) B.OtO.S 17.2+3.9 21.57+2.40 53.4+10.6 1.06+0.13 0.33+0.04 21.7+4.0 
E (6) 8.1+0.7 18.1+4.9 20.17+1.12 64.3+2.9 1.30+0.14 0.27+0.06 16.3+1.8 
21 #1 (3) 8.0+0.9 32.1+3.8 5.08+1.18 72.1+14.9 1.36+0.23 0.48+0.10 3.8+0.9 
M2 (6) 10.8+0.5 23.8+2.9 10.30+3.84 40.6+4.4 1.17+0.14 0.62+0.09 11.2+4.4 
Ml+2 (9) 9.9+0.6 26.6+2.6 8.56+2.65 51.1+7.4 1.23+0.12 0.56+0.07 8.7+3.1 
El (3) 10.9+1.9 954+672 4.49+1.66 165+80 1.14+0.35 3.9 +2.0 5.0+2.1 
E2 (7) 9.8+0.9 1500+261 6.11+1.52 260+23 0.74+0.08 6.2 +1.3 7.7+1.1 
®l+2 (10) 10.1+0.8 1330+262 5.62+1.15 231+29 0.86+0.12 5.5 +1.1 6.9+1.0 
Table 10, Luteinizing hormone and prolactin concentrations in the serum and anterior pituitary 
during pseudopregnancy with a decidual response (Group III)& 
Day Anterior Luteinizing hormone^  Prolactin^  LH:prolactin ratio 
and 
time^  
pituitary 
wet weight 
(mg) 
(ng/ml 
serum) 
(pg/ml 
pituitary) 
(ng/ml 
serum) 
(pg/mg 
pituitary) 
serum pituitary 
6 M (6) 7,3+0.8 12.1+3.0 10.98+0.70 92.8+15.2 1.08+0.08 0, 1310.02 10.3*0.9 
9 M (6) 7.5+0.4 7.5+1.8 14.51+1.46 45.7+5.3 1.26+0.14 0. 17+0.04 13.0+2.8 
11 M (7) 7.3+0.8 9.3+0.7 16.57+1.24 49.4+7.8 1.10+0.13 0, 21t0.02 16.0±1.8 
13 M (6) 7.9+0,6 . 11.6+2.4 17.42+2.44 71.3+22.1 1.16+0.08 0. 22+0.06 15.5+2.4 
17 M (6) 8,3+0.5 15.5+3.4 20.17+1.71 67.4+6.1 1.39+0.16 0. 24+0.06 16.1+2.9 
19 M (6) 8.7+0.9 13.2+3.4 16.88+2.53 51.2+5.4 1.29+0.15 0. 28+0.08 14.0+2.4 
E (8) 9.6+0.3 14.3+1.7 16.50+1.98 57.0+3.3 1.53+0.12 0. 26+0.03 10.7+1.3 
20 M (7) 8.3±0.6 15,1+1.7 17.69+1.27 59.6+6.9 1.38+0.07 0. 28+0.04 13.0+1.0 
E (5) 7.6+0.4 14.9+4.1 18.72+2.80 74,0+25.6 1.40+0,10 0. 30+0.10 14,1+2.9 
V^alues presented are mean^ SE for each subgroup of animals, 
L^H in terms of a laboratory reference standard with a relative potency of 0,135 x NIH-LH-Sl, Pro­
lactin in terms of NIAMD-Rat Prolactin-RP-1, Pituitary hormone concentration as jag/mg wet weight. 
®M=morning (7:00-9:00 AM); E=evening (6:00-7:30 PM) ; and Ej^ =proestrous vaginal smear on Day 
21; M2 and E2=proestrous vaginal smear on terminal day other than Day 21; and and M2 
combined, and E2 combined terminal day of pseudopregnancy. Number of animals is in parentheses. 
Table 10, (Continued) 
Day Anterior Luteinizing hormone^  Prolactin LH:prolactin ratio 
and pituitary (ng/ml (jag/ml (ng/ml (pg/mg serum pituitary 
timeC wet weight serum) pituitary) serum) pituitary) 
(mg) 
21 Ml (4) 9.9±0.9 26,4+7.2 13.68+3.80 54.6+4.2 1.37+0.06 0.47+0.12 9.7+2.5 
M2 (4) 10.1+0.6 20.7+3.5 18,36+3.82 32.3+4.0 1.20+0.07 0.68+0.14 15.5+3.7 
1^+2 (8) 10.0+0,5 23.5+3.9 16.02+2.65 43.5+5.0 1.29+0.05 . 0.58+0.09 12.6+2.3 
h (4) 11.5+0.7 1550+214 8.02+2.05 314+6 0.98+0.08 4.9 +0.7 7.9+1.5 
E2 (5) 9.9+0.4 1300+213 5.57+1.29 287+30 0.99+0.08 4.9 +1.1 5.9+1.6 
h+2 (9) 10.6+0.4 1410+148 6.66+1.16 299+17 0.99+0.05 4.9 +0.7 6.8+1.1 
Figure 3, Pituitary gland and serum luteinizing hormone concentrations 
during 13-day pseudopregnancy (Group I, PP), 21-day pseudo-
pregnancy with hysterectomy (Group II, HX) or with decidual 
response (Group III, DR) and pregnancy (Group IV, PG, in­
cluding postpartum Day 1) 
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although lower in general than Group I animals, were not clearly dis­
tinguishable by group comparison in the analysis of variance (p=.05) 
from the levels in pseudopregnant rats. An increase (p<.05) in serum 
prolactin from Day 1 to Day 2 of pregnancy did occur (Figure 4), The 
exhibited dissimilar overall patterns between the two groups from Days 1 
through 6 were reflected by the significant (p<.05) lack of fit to linear 
regression (primarily as a cubic trend) of serum prolactin on days. As 
found in the pseudopregnant animals, prolactin levels on Days 1, 2 and 4 
of pregnancy also were greater (p<,05) than the mean cycle diestrous 
level. The increase in serum prolactin on Day 2 in pregnant animals 
relative to the circulating levels found on other days had a marked ef­
fect on serum LH:prolactin ratio (Figure 5); the decrease on Day 2 was 
significantly different (p<.01) from the otherwise uniform ratios found 
during the period of Day 1 to Day 6. Even with this decrease on Day 2, 
pregnant animals as a group had greater (p <.05) ratios during this time 
than pseudopregnant animals. 
Hysterectomy on Day 5 or deciduomata induction on Day 4 of pseudo-
pregnancy had no immediate effect on serum LH or pituitary concentrations 
of LH and prolactin on Day 6 relative to intact pseudopregnant animals 
(Group I). Diverse effects were found in serum prolactin levels. Al­
though hysterectomized animals had higher levels and rats with a decidual 
response had lower levels on Day 6 compared to Group I animals, the dif­
ferences were not significant (p>.05) (Figure 4), The range of group 
means on Day 6 formed from a rather unique situation in that the variation 
in prolactin levels within each of the four subgroups of animals was 
47 
generally much greater on this particular day than on other days in­
vestigated (range of 21 individual values = 35-285 ng/ml; mean-tSE^ llS+lS 
ng/ml). Whether the observed variability is significant relative to 
physiological events on this day or only a manifestation of sampling 
differences due to chance alone is unknotjn. The decrease in serum pro­
lactin from Day 6 to Day 9 in HX animal? was significant (p<,01). From 
Day 9 through Day 19 serum prolactin levels in HX, DR and pregnant ani­
mals were similar to one another and varied little from estrous cycle 
diestrous concentrations. Essentially the same results were found for 
serum LH concentration; however, the levels were usually less than those 
found during diestrus of the cycle. 
Significant (p<\01) group (HX, DR and PC) differences ovrr days 19 
through 21 were revealed by analysis of variance for serum and pituitary 
prolactin conceuuratioas and for serum LI! concentration. Subsequent 
orthogonal comparisons .supported (p <.01 ) the hypotheses thai scrum LH 
levels during pregnancy were lower, serum prolactin levels higher and 
pituitary prolactin concentrations similar to the two extended pseudo-
pregnancy groups (II and III) during this period (Figures 3 and 4), Be­
tween Groups II and III (HX and DR), only pituitary prolactin concentra­
tion was different (p<.01). Although by orthogonal comparison serum LH 
levels on the morning of Day 21 were greater (p <.01) than Day 20 levels 
over Groups II, III and IV combined, only the increase during pregnancy 
was highly significant (p<.01) by Student's t-test of the means within 
the individual groups. The 13-day pseudopregnancy (Croup I) also exhibited 
47 
generally much greater on this particular day than on other days in­
vestigated (range of 21 individual values = 35-285 ng/ml; mean±SE=118+15 
ng/ml). Whether the observed variability is significant relative to 
physiological events on this day or only a manifestation of sampling 
differences due to chance alone is unknown. The decrease in serum pro­
lactin from Day 6 to Day 9 in HX anima]? was significant (p<,01). From 
Day 9 through Day 19 serum prolactin levels in HX, DR and pregnant ani­
mals were similar to one another and varied little from estrous cycle 
diestrous concentrations. Essentially the same results were found for 
serum LH concentration; however, the levels were usually less than those 
found during diestrus of the cycle. 
Significant (p<,01) group (HX, DR and PC) differences over days 19 
through 21 were revealed by analysis of variance for serum and pituitary 
prolactin concenuratioas and for serum LI! concentration. Subsequent 
orthogonal comparisons supported (p <".01) the hypotheses thai scrum LH 
levels during pregnancy were lower, serum prolactin levels higher and 
pituitary prolactin concentrations similar to the two extended pseudo-
pregnancy groups (II and III) during this period (Figures 3 and 4). Be­
tween Groups II and III (HX and DR), only pituitary prolactin concentra­
tion was different (p<.01). Although by orthogonal comparison serum LH 
levels on the morning of Day 21 were greater (p <.01) than Day 20 levels 
over Groups II, III and IV combined, only the increase during pregnancy 
was highly significant (p<.01) by Student's t-test of the means within 
the individual groups. The 13-day pseudopregnancy (Group I) also exhibited 
48 
greater (p <.01) serum LH concentration on the morning of Day 13 than 
on Day 12 (Figure 3), The increase noted for the three different con­
ditions of pseudopregnancy all occurred on the proestrous terminal day 
of pseudopregnancy and were followed by the apparent "preovulatory surge" 
of serum LH on the evening of the terminal day. The increase on the 
morning of Day 21 of pregnancy occurred prior to parturition and was not 
different from the serum LH levels found that evening or three to eight 
hours after the onset of parturition. 
The rise in serum prolactin concentration initiated on Day 19 (about 
80 ng/ml) and continued through Day 21 (about 300 ng/ml) of pregnancy, 
was only found on the evening of the terminal day of pseudopregnancy in 
Groups I, II and III concomitant with abrupt decreases in pituitary pro­
lactin (Figure 4). 
The ratio between LH and prolactin concentrations has been referred 
to several times in the results of the present investigation. The pur­
pose of this calculation was to obtain a single estimate of the simultane­
ous changes occurring in the levels of the two hormones under different 
physiological conditions. Due primarily to the near 10-fold difference 
between pituitary LH and prolactin concentrations, pituitary LH;prolactin 
ratios numerically approximated the pituitary LH concentrations. Com­
parison of Figure 5 with Figures 3 and 4 revealed the similarity in the 
patterns of change in the serum ratio and the serum LH levels, with the 
obvious exception of pregnancy. This result was somewhat predictable 
since serum prolactin levels remained rather constant in general from 
Day 9 to Day 13 in Group I (PP) and to Day 21 in Groups II and III (HX 
Figure 4, Pituitary gland and serum prolactin concentrations during 13-
day pseudopregnancy (Group I, PP), 21-day pseudopregnancy 
with hysterectomy (Group II, HX) or with decidual response 
(Group III, DR) and pregnancy (Group IV, PG, including post­
partum Day 1) 
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Figure 5, Serum luteinizing hormone:prolactin ratio changes during 13-
day pseudopregnancy (Group I, PP), 21-day pseudopregnancy 
with hysterectomy (Group II, HX) or with decidual response 
(Group III, DR) and pregnancy (Group IV, PG, including post­
partum Day 1) 
52 
>1.0 
«a: 
cc 
0 . 6  
o o PP 
X——K HX 
A A DR 
P G 
ë 0.5 
.-1 
O 
?= 0.4 
0.3 
c; 0.2 
LU 
to \ 
0 . 1  
/ Vr""® 
1 _L_L I  I  I I  l ' I '  
1 3 5 7 9 n 13 15 17 19 21 PP 
DAY OF PREGNANCY OR PSEUDOPREGNANCY 
53 
and DR, respectively), while serum LH levels during these periods tended 
to increase. The increase in the serum ratio (p<,01) on the mornings 
of Day 13 (PP) and Day 21 (HX) reflect the increases found in serum LH, 
For animals with an induced decidual response (DR) the increase was not 
significant (p=.06). Both HX and DR groups had a greater (p< .05) serum 
ratio on Day 17 than found during pregnancy. The difference in 20a-
OH-SDH activity between pseudopregnancy and pregnancy was quite apparent 
by Day 19 although initial dissimilarity was found on Day 17. Thus, 
sequential changes in enzyme activity, serum LH and serum hormone ratio 
during the last three to five days of pseudopregnancy (HX, DR and PP) 
appeared to be similar. 
Correlation coefficients for enzyme activity, serum LH and serum 
hormone ratio were calculated in order to estimate the degree of similarity 
in the sequential changes. Calculations of the coefficients were re­
stricted to Days 9 to 13 for Group I and Days 19 to 21 for combined 
Groups II, III and IV, In both cases, sample correlation between enzyme 
activities and serum LH levels was highly significant (p<.01)j coef­
ficient (r) for Group I was 0,45 and for the other three groups, r=0,57. 
Significant (p <.01) correlation also was found between enzyme levels 
and the serum hormone ratio (r = 0,31, Group I; r = 0.66, Groups II, III 
and IV). These results indicated that a positive linear relation existed 
between the variables, but only 25% to 50% of the variation in enzyme 
activity was associated with variation in either serum LH levels or serum 
hormone ratios. When correlation coefficients were calculated on the 
54 
basis of classification of the variables into treatment subgroups on 
the specified days (i.e., Group I, Day 9; Group III, Day 20; etc.), 
no significant (p>,05) correlations were found. To summarize, within 
each subgroup of animals high levels of enzyme activity were not neces­
sarily associated with high serum LH concentrations or hormones ratios; 
however, over the defined periods, enzyme activity.tended to increase as 
serum LH and the hormone ratio increased. 
55 
DISCUSSION 
The patterns in ovarian 20a-OH-SDH activity found in this study 
during the estrous cycle and pregnancy confirm and supplement the ob­
servations reported by Wiest (1959a) and by Wiest, ejt al. (1968). Wiest 
(1959a) also reported that enzyme activity on day 4 and day 9 of pseudo-
pregnancy, PP and DR, respectively, was less than during the estrous 
cycle. The results presented in Figure 2 show that enzyme activity after 
day 7 or day 8 increased at a linear rate to the end of a 13-day pseudo-
pregnancy, whereas levels of 20a-0H-SDH activity during pregnancy and 
prolonged pseudopregnancy, HX and DR, remained low or slightly decreased 
until day 17. From day 17 to day 21, enzyme activity increased during 
prolonged pseudopregnancy in contrasc to the low, stationary levels 
during pregnancy. 
Interconversion of progesterone and 20ri-hydroxyprogesterone is medi­
ated by 20a-OH-SDH, and a positive correlation between peripheral plasma 
levels of 20a-hydroxyprogesterone and ovarian 20a-OH-SDH activity has 
been demonstrated during pregnancy (Wiest, et al., 1968) and probably 
exists during lactation (Tomogane, Ota, and Yokoyama. 1969; Kuhn and 
Briley, 1970). Changes in ovarian venous secretory rates of the reduced 
steroid during pregnancy (Hashimoto, et al., 1968) closely reflect 
concurrent changes in peripheral plasma levels (Wiest. 1970). The 20a-
OH-SDH activities determined ia this investigation would appear to extend 
the correlation of enzyme activity with the known 20a-hydroxyprogesterone 
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secretory rates reported by Hashimoto, £t al,. !l9ô8)for I'l-day pseudopreg­
nancy, pregnancy and pseudopregnancy with hysterectomy or a decidual response, 
Histochemically, 20a-OH-SDH has been localized in corpora lutea 
which were undergoing functional and/or structural involution (Balogh, 
1964; Turolla, £t al_., 1966; Pupkin, et al^., 1966; Wiest, et al., 1968). 
Enzyme activity was not detectable histochemically on days 4, 6 and 8 in 
the corpora lutea formed during the early stnges of pseudopregnancy but 
was present on these days in corpora formed during cycles prior to tiie 
pseudopregnancy (Turolla, e_t , 1970), Thus, the origin of 20a-OH-SDH 
activity determined biochemically up to day 6 and clay 7 of pregnancy and 
pseudopregnancy, respectively, in the present investigation was probably 
the regressing corpora from previous cycles. Since there was no sig­
nificant difference between enzyme activities of these two groups during 
this period, it appears evident that involution of these older corpora 
during this time occurs at the same rate imder the two physiological 
conditions, at least in terms of 20a-0H-SDH activity as an index of 
luteolysis. 
Within the limits of experimental error, serum LH and prolactin 
concentrations on estrus and during diestrous days of the cycle were 
constant (Figure 1). These data are consistent with the observations of 
Monroe, et £l, (1969) and Neill (1970). The significance of the increase 
in prolactin found on the morning of proestrus remains unresolved at this 
time. Peripheral blood LH concentrations during the estrous cycle were 
first reported by Ramirez and McCann in 1964 and later by Kobayashi, Hara, 
and Miyake (1968),who used the ovarian ascorbic acid depletion (OAAD) 
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bioassay method. With the development of sensitive radioimmunoassay 
methods, which allowed microliter quantities of serum or plasma to be 
analyzed,these initial studies were re-examined (Monroe, et al., 1969; 
Neill, 1970) and essentially confirmed the earlier investigations that 
demonstrated the presence of low levels during diestrus and estrus and 
a "surge", or increase, on the late afternoon of proestrus responsible 
for ovulation. Several somewhat discordant reports have been made con­
cerning peripheral prolactin levels during the cycle. Points of disagree­
ment concern the three-day period centered on proestrus. Amenomori, 
Chen, and Mettes (1970) found elevated levels both on the day prior to 
and after the proestrous preovulatory surge, while Niswender, £t al., 
(1969) reported greater concentrations than diestrus only on the day 
following the surge, and Neill (1970) found no fluctuations during the 
cycle except for the proestrous surge. Explanation of these differences 
has not been made. 
Following cervical stimulation on proestrus and estrus of the cycle, 
LH concentrations, as shown in Figure 3, during the first half of the 
subsequent pseudopregnancy (PP) decreased from day 2 to day 7. Mean LH 
concentrations during this period were less than the mean concentration 
of diestrous morning levels during the cycle (15.5+1.4 ng LH/ml serum, 
mean+SE for 17 rats) (MDC). Early pregnancy LH levels, with the exception 
on day 1, were also less than the MDC level, and were similar to those 
found during pseudopregnancy. Whereas serum LH concentrations increased 
from day 9 to MDC levels on days 11 and 12 of pseudopregnancy, concentration 
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during pregnancy remained very low until day 20. Hysterectomized pseudo-
pregnant rats (HX) and pseudopregnant animals bearing a decidual response 
(DR) had serum LH levels which were similar to pregnant animals, although 
during the last half of these prolonged pseudopregnancies the levels were 
consistently elevated above pregnancy levels. These results suggest that 
only low, tonic secretion levels of LH, at least on the days investigated, 
are present during the 13-day pseudopregnancy until proestrous day 13, 
and during prolonged pseudopregnancy (HX and DR) or pregnancy until days 
19 to 20 or day 21, respectively. 
Bishop, _al. (197 1) have reported plasma LH, FSH and prolactin 
concentrations in PP day 4 and DR (unilaterally induced) day 9 rats. These 
authors found that prolactin concentration on PP day 4 wf? similar to the 
level on diestrous day 1 of the cycle, whereas prolactin on DR day 9 was 
less than the diestrous day 1 level. Their resulLs for LH concentrations 
are just the opposite of the results they reported for prolactin. Bishop 
and associates concluded that the period of prolactin release during 
pseudopregnancy was short. The results in the present study are not in 
agreement with those reported by Bishop and co-workers. Although the 
trend for serum prolactin levels was to decrease during the first half 
of 13-day pseudopregnancy, all concentrations were significantly greater 
(p< .05) than the mean level found for diestrous days of the cycle, and 
consequently, would indicate that prolactin secretion continues through­
out this period. The decreases in pituitary prolactin concentration 
during the same period, as found in this study, suppôtt this interpretation. 
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The basis of these dissimilar result^ between the two investigations is 
unknown. 
The low levels of serum LH found during pregnancy and pseudopreg-
nancy concommitant with the gradual increases in pituitary LH concentra­
tion (Figure 3) until day 17 and day 11 in these groups, respectively, 
would indicate that pituitary synthesis and storage of LH with reduced 
secretion were taking place during these periods. Other investigators 
have reported pituitary LH concentrations throughout pregnancy (Greenwald, 
1966; Schwartz and Talley, 1968), pseudopregnancy (Schwartz and Rothchild, 
1964) and on several isolated days of prolonged pseudopregnancy with 
hysterectomy (Labhsetwar, 1967; Christian, Yuan, and Rothchild, 1968), 
Their results obtained with the OAAD biossay are relatively similar to 
those presented here. 
According to the regulatory mechanism for the maintenance by progester­
one catabolism of "progestational potency" of ovarian secretion during 
pregnancy hypothesized by Wiest and associates (1968), LH and prolactin 
were considered to be involved in the regulation of 20a-0H-SDH activity. 
Exogenous LH had been demonstrated to effect an increase in enzyme ac­
tivity vivo, whereas exogenous prolactin could effect a decrease in 
activity (Wiest, Wilcox, and Kirschbaum, 1963; Kidwell, et al., 1966; 
Wiest, et al., 1968). Because 20a-OH-SDH had been shown to be localized 
principally in old, regressing corpora lutea both during the cycle 
(Balogh, 1964; Pupkin, ^  al., 1966) and pregnancy (Wiest, et a^,, 1968), 
and since the increasing titer of peripheral progesterone has been con­
ceptualized as acting either directly or indirectly on the pituitary gland 
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to retard or inhibit LH secretion (Rothchild, 1965), the absence of 
enzyme activity from the "functional'' corpora lutea of pregnancy appeared 
to be indicative of a lack of sufficient LH stimulation and hence low, 
substimulatory plasma LH levels. The inhibitory effects of prolactin 
on the enzyme and the fact that hypophysectomy after day 11 does not 
terminate pregnancy (Pencharz and Long, 1933) would suggest that sig­
nificant plasma prolactin concentrations were present during the first 
half of pregnancy. Thus, the two pituitary hormones were suggested by 
Wiest and his colleagues (1968) to be interrelated in the control of 
20a-0H-SDH, 
As previously discussed, serum LH concentrations during pregnancy 
and pseudopregnancy were less than the mean diestrus-of-the-cycle (MDC) 
level. The MDC prolactin level was 48.1t3.1 ng/ml serum (mean+SE for 
17 rats). Excluding the PG day 6 level, prolactin levels from days 1 
through 6 of pseudopregnancy and pregnancy were greater (p<,05) than 
the MDC concentration (Figure 4), The abrupt increase in prolactin on 
day 2 of pregnancy found in this investigation correlates with Increased 
ovarian venous estrogen concentration at this time (Yoshinaga, Hawkins, 
and Stocker, 1969; Shaikh, 1971), A second increase, or peak, in estro­
gen concentration on day 3 also had been found. Shaikh and Abraham (1969) 
reported an estrogen "surge" on day 3 of pseudopregnancy. Although this 
particular day was not included in the present investigation, speculation 
of a possible increase in serum prolactin on day 3 is consistent with 
several factors; first, the apparent correlation of estrogen with prolactin 
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on day 2 of pregnancy; second, pituitary concentration decreased from 
PP day 2 to day 4; third, pituitary content of prolactin is greater on 
day 2 of pregnancy than on day 4; finally, exogenous estrogen has been 
reported to increase serum prolactin levels, at least in mature ovariec-
tomized rats (Chen and Meites, 1970), The presence of high circulating 
levels of prolactin during early pregnancy and pseudopregnancy demon­
strated in the present investigation gives correlative support to the 
hypothesized physiological regulation of 20a-0H-SDH, 
Results from immunological and pharmacological investigations lend 
support to this hypothesis. Ergocornine, an ergot derivative, is believed 
to block pituitary prolactin release either by a direct action on the 
pituitary or indirectly by an effect on the hypothalamus (Lindner and 
Shelesnyak, 1967), Following administration of the drug at different 
times during the first seven days of pregnancy, substantial 20a-0H-SDH 
activity was initiated within 24 hours and detected both histochemically 
and biochemically in the corpora lutea of pregnancy (Turolla, et al., 
1969; Lamprecht, et al., 1969). Furthermore, exogenous prolactin in­
hibited the stimulatory action of the drug ixi vivo, although neither com­
pound affected enzyme activity during ^  vitro incubation (Lamprecht, et 
al,, 1969), Ovarian progesterone concentration during pseudopregnancy 
also was found to be greatly reduced, yet total progestin content 
(progesterone plus 20a-hydroxyprogesterone) was not altered by ergocornine 
administration on day 4 (Lindner and Shelesnyak, 1967). In a recent 
report (Wuttke, Cassell, and Meites, 1971), preovulatory serum LH levels 
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on the afternoon of proestr-is of the estrous cyclt were found to decrease 
20% to 807o following administration of different amounts of the drug, 
while morning proestrous levels were unchanged; prolactin levels de­
creased to the control, morning proestrous level. In spite of the de­
crease in LH concentration, ovulation occurred and animals continued to 
cycle. Thus, it would appear that some caution should be exercised in 
the interpretation of the eventual effect of ergocornine on 20a-OH-SDH, 
Immunological neutralization of endogenous LH with anti-LH serum 
(a-LH) and histochemical detection of 20a-OH-SDH activity have been used 
concurrently in several recent investigations. When a-LH was administered 
from day 6 to day 10 of pregnancy, at which time ovarian secretory rates 
of progesterone are increasing, marked 20a-0H-SDH activity in corpora of 
pregnancy was found along with fetal resorption, termination of pregnancy 
and reduced 3^-hydroxysteroid dehydrogenase activity (Loewit, et al., 
5 1969; Loewit, 1970). The latter enzyme mediates the conversion of A -
pregnen-3P-ol-20-one (pregnenolone) to progesterone. After day 11 and 
at least to day 17, the antiserum had no influence on duration or main-
I 
tenance of pregnancy. Exogenous pregnenolone partially retarded and 
progesterone inhibited the effect of the a-LH, but neither estrogen nor 
prolactin influenced the changes initiated by a-LH (Loewit, 1970), These 
studies suggest that the very low levels of serum LH during the first half 
of pregnancy, as found in the present study, exert a significant luteo-
trophic effect, probably synergistically with prolactin, but are not 
sufficient for 20a-0H-SDH stimulation. 
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Since serum LH concentration was found to decrease from day 1 to 
at least day 17 of pregnancy, the luteotrophic, steroidogenic action of 
LH may be more significant during the very early stages of pregnancy than 
at a later period. In rats hypophysectomized on day 6 of pregnancy, 
exogenous prolactin and estrogen were required until day 12 to maintain 
pregnancy to day 16 (Greenwald and Johnson, 1968). However, when 
hypophysectomy was performed the day after mating, exogenous follicle 
stimulating hormone (FSH), LH and prolactin were necessary until day 10 
for maintenance of pregnancy to term (Ahmad, Lyons, and Papkoff, 1969). 
Apparent from the various investigations during pregnancy and 
pseudopregnancy with ergocornine, anti-LH serum and hypophysectomy is 
the interrelated, interacting nature of the pituitary-ovarian-uterine 
axis on reproduction. Emphasized in this study is one restricted aspect 
of reproductive physiology - the possible correlations of serum LH and 
prolactin levels with ovarian 20a-OH-SDH activity, especially during 
periods when changes in enzyme activity were taking place under differ­
ent physiological states. It has been demonstrated that general trends 
of change in the three principal parameters were similar during the first 
six days of pregnancy and the 13-day pseudopregnancy. Obvious involvement 
of uterine factor(s) on ovarian function is evident in the patterns of 
20a-0H-SDH activity found after day 6 of pseudopregnancy when both 
hysterectomy and induction of a decidual response effect, by unknown 
mechanisms, a temporary delay in the onset of enzyme activity which 
otherwise began on day 9 of pseudopregnancy. Embryonic implantation also 
caused such action. 
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Thr. eventual initiation of 20a-OH-SDH activity near the terminal 
stage of the various physiological states was noted to exhibit different 
patterns among the four states. Possible explanation for these differ­
ences resides in the temporal relationships of LH and prolactin con­
centrations. 
In the four states investigated, significant positive correlations 
of enzyme activity with serum LH concentration and with the serum LH to 
prolactin ratio were found. The magnitude of the coefficients of cor­
relation (range of r = 0.31-0.66) suggested that other factors (for 
example, uterine placental luteotrophin, possible uterine luteolysii.-, 
preparation for lactation, etc.) could not be precluded to influence 
enzyme activity. In the three pseudopregnant groups (PP, HX and DR), serum 
hormone ratios began to increase three to four days prior to the terminal 
proestrous day. On the morning of the last day, PP and HX groups had 
significant abrupt increases in the ratio, whereas the DR group had an 
increase that just lacked statistical significance (p=0.06). The in­
creases in the ratio sequentially reflected the trends of increase in 
LH levels since prolactin concentrations were constant until the evening 
of the terminal day when a marked increase occurred. That these shifts 
in the endogenous hormone ratio occur concurrently with initiation of 
enzyme activity lend strong support to the hypothesis that LH could be 
causally related to the onset of 20a-0H-SDH activity as suggested by in­
vestigation with exogenous hormone administration (Wiest, , 1968), 
The influence of LH and prolactin on 20a-0H-SDH would appear to be 
related to the particular physiological state. For example, in the 
65 
hypophysectomized pregnant rats, the withdrawal of placental luteotrophic 
support by placental dislocation resulted in increased 20a-0H-SDH ac­
tivity within 48 hours, whereas hypophysectomy alone delayed but did not 
inhibit the onset of enzyme activity on day 21 (Wiest, et al., 1968). 
These results would tend to minimize the role of LH at the end of gesta­
tion relative to 20a-0H-SDH, The significant increase in LH only on day 
21, as found in the present investigation, would suggest an explanation 
for the delay (4 hours) noted by Wiest. The onset and rate of increase 
in activity were regulated by factors other than LH, LH, in this situa­
tion, would then be exerting primarily a temporal influence. The high 
prolactin concentrations at this time may be more important for de­
velopment of the subsequent lactational state than for 20a-OH-SDH regu­
lation. Prolactin has been shown glong with progesterone to participate 
in the induction of lactose synthetase (Turkington and Hill, 1969), In 
the absence of the uterus and at the end of prolonged pseudopregnancy 
with HX the serum concentration ratio of LH to prolactin might then as­
sume a more dominant influence on the enzyme. In regard to this situation, 
investigation of the effects of pituitary ablation or of immunological 
neutralization of specific hormones on enzyme activity in the hysterec­
tomized rat would appear to be appropriate. 
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SUMMARY 
Ovarian 20a-hydroxysteroid dehydrogenase (izOa-OH-SDH) activity and 
serum and pituitary concentrations of luteinizing hormone (LH) and pro­
lactin were determined in individual rats during the estrous cycle, 13-
day pseudopregnancy (PP), prolonged pseudopregnancy due to hysterectomy 
(HX) or an induced decidual response (DR), and pregnancy (PG), During 
the 5-day estrous cycle, 20a-0H-SDH activity was lowest at diestrous 
Day 2 (mean=38.8 mu/mg protein), increased to a peak value at proestrous, 
and declined sharply to estrus. Except for a sharp peak at proestrus, 
serum LH and prolactin levels were consistently low during diestrus 
and estrus (mean for diestrous mornings = 15.5 ng LH/ml and 48.1 ng 
prolactin/ml). Levels of LH and dehydrogenase activity on Day 1 of PP 
and PG were similar to those found during the diestrous phase of the 
cycle. These levels declined to Day 6, and remained low until Day 21 
of pregnancy. In pseudopregnant rats LH and enzyme levels declined 
until Day 6, then dehydrogenase activity increased steadily to the last 
day (Day 13), whereas LH increased abruptly on this day. Prolactin 
levels on Day 1 of PP were about 3-fold greater (e,g, 150 ng/ml) than 
diestrous levels of the cycle, declined steadily to the morning of Day 
13 (e,g, 75 ng/ml), and increased sharply by the evening of Day 13, By 
the second day after mating prolactin levels were similar to those on 
Day 1 of PP, dropped 4-fold by Day 4 and remained low to Day 19, After 
Day 6 and to Day 17 of HX or DR, dehydrogenase activity, serum LH and 
prolactin levels were similar to those found during pregnancy. After 
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Day 17, enzyme activity doubled by Day 20 and abruptly increased on Day 21 
(proestrus) of HX and DR. Serum LH levels and enzyme activity showed 
similar trends after Day 17 of HX and DR; but, prolactin levels increased 
sharply only on Day 21. During PG, enzyme activity and serum LH con­
centration increased only on Day 21, but serum prolactin concentration 
doubled by Day 20 and then tripled by Day 21. Three to eight hours 
after onset of parturition on Day 22, 20a-0H-SDH activity was 3-fold 
greater than on the previous day, serum LH levels remained unchanged 
from Day 21, and prolactin levels decreased to Day 20 levels. The 
patterns of endogenous LH and prolactin levels indicate that these 
hormones may be associated with the onset of 20a-0H-SDH activity during 
the terminal stages of PP, HX, DR and PG. Since these patterns differed 
for pseudopregnancies and pregnancy, the significance of this suggested 
association may be dependent upon the particular physiologic condition. 
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